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(57) Abstract: An improved system and method for performing power management on a distributed system. The system utilized 
to implement the present invention includes multiple servers for processing a set of tasks. The method of performing power man- 
1C3 agement on a system first determines if the processing capacity of the system exceeds a predetermined workload. If the processing 
capacity exceeds a predetermined level, at least one of the multiple servers on the network is selected to be powered down and the 
@ tasks across the remaining servers are rebalanced. If the workload exceeds a predetermined processing capacity of the system and 
^ at least a server in a reduced power state may be powered op to a higher power stale to increase the overall processing capacity of 
^ the system. 
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BACKGROUND OF THE XNVKHTIQH 
Technical Field 

The present invention relates in general to the field of data 
processing systems, and more particularly, the field of power 
in data processing systems. Still more particularly, the present 
invention relates to a system and method of performing power management on 
networked data processing systems. 

Description of the Related Art 

A network (e.g., Internet or Local Area Network (LAN) ) in which 
client requests are dynamically distributed among' multiple interconnected 
computing elements is referred to as a -load sharing data processing 
system." Server tasks are dynamically distributed in a load sharing system 
by a load balancing dispatcher, which may be implemented in software or in 
hardware. Clients may obtain service for requests by sending the requests 
to the dispatcher, which then distributes the requests to various servers 
that make up the distributed data processing system. 

Initially, for cost-effectiveness, a distributed system may comprise 
a small number of computing elements. As the number of users on the 
network increases over time and requires services from the system, the 
distributed system can be scaled by adding additional computing elements 
to increase the processing capacity of the system. However, each of 
these components added to the system also increases the overall power 
consumption of the . aggregate system. 

Even though the overall power consumption of a system remains fairly 
constant for a given number of computing elements, the workload. on the 
network tends to vary widely. The present invention, therefore recognizes 
that it would be desirable to provide a system and method of scaling the 
power consumption of the system to the current workload on the network. 
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SUMMARY OF THE XBVEHTIOH 

The present invention presents an improved system and method for 
performing power management for a distributed system. The distributed 
system utilized to implement the present invention includes multiple 
servers for processing tasks and a resource manager to determine the 
relation between the workload and the processing capacity of the system. 
In response to determining the relation, the resource manager determines 
whether or not to modify the relation between the workload and the 
processing capacity of the distributed system. 

Accordingly, according to a first aspect the present invention 
provides a method of performing power management on a distributed system 
The method first determines if the processing capacity of the system 
exceeds a predetermined workload. If the processing capacity exceeds the 
workload, at least one of the multiple servers of the system is selected 
to be powered down to a reduced power state. Then, tasks are 
redistributed across the plurality of servers. Finally, the selected 
server (s) is powered down to a reduced power state. 

Preferably the method also determines if the workload exceeds a 
predetermined processing capacity of the system. If so, at least one 
server in a reduced power state may be powered* up to a higher power state 
to increase the overall processing capacity of the system. Preferably 
tasks are then redistributed across the servers in the system. 

According to a second aspect the present invention provides a 
resource manager for performing power management in a distributed system 
comprising a plurality of servers, the resource manager con-prising; a 
means for receiving a plurality of tasks and relaying said tasks to said 
distributed system; means for balancing said tasks on said distributed 
system; means for determining whether or not processing capacity of said 
distributed system exceeds a current workload; and means, responsive to 
determining said processing capacity of said distributed system exceeds 
said current workload, said for selecting and powering down at least one 
of said plurality of servers to a reduced "fcower state. 

Preferably the resource manager further comprises means for 
determining whether or not said current workload exceeds said processing 
capacity of said distributed system; and means, responsive to determining 
said current workload exceeds said processing capacity of said system, for 
powering up at least one of said plurality of servers to a hi gh e r power 
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state. In this case, preferably the resource manger further comprises 
means for redistributing said tasks across said plurality of servers. 

For example, a dispatcher can provide the means for receiving a 
plurality of tasks and relaying the tasks to the distributed system/ a 
workload manager (WIM) can provide the means for balancing tasks, and a 
power regulator can provide the means for determining whether or not 
processing capacity of a system exceeds a current workload and the means, 
responsive to this, for selecting and powering down at least one of the 
plurality of servers to a reduced power state. 

Alternatively, for example, an interactive session support <ISS) can 
provide the means for determining whether or not processing capacity of a 
system exceeds a current workload, a power manager can provide the means, 
responsive to the ISS determining this, for selecting and powering down 
at least one of the plurality of servers to a reduced power state, and a 
dispatcher can provide the means for balancing tasks , under the control 
of switching logic. The current workload can be associated with, for 
example, a plurality of tasks. In this example, preferably the ISS further 
provides means for determining whether or not the current workload exceeds 
the processing capacity of the distributed system, and the power regulator 
further provides, means, responsive to the ISS det ermining this, for 
Powering up at least one of the plurality of servers to a higher power 
state. . 

According to a third aspect the invention provides a distributed 
data processing system comprising the resource manager of the second 
aspect and a plurality of servers for processing tasks relayed from said 
resource manager. 

According to a fourth aspect the present invention provides a 
computer program product comprising instructions which, when executed on a 
data processing host, cause the host to carry out a method according to 
the first aspect. 



BRIEF DESCRIPTION OF THE DRAKIHG8 

The invention will now be described, by way of example only, with 
reference to preferred embodiments thereof, as illustrated in the 
accompanying drawings, in which: 
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Figure 1 illustrates an exemplary distributed system that nay be 
utilized to implement a first preferred embodiment of the present 
invention; 

Figure 2 depicts a block diagram of a resource manager utilized for 
load balancing and power management according to a first preferred 
embodiment of the present invention; 

Figure 3 illustrates an exemplary distributed system that may be 
utilized to implement a second preferred embodiment of the present 
invention. 

Figure 4 depicts a block diagram of a resource manager utilized for 
load balancing according to a second preferred embodiment of the present 
invention; 

Figure 5 illustrates a connection table utilized for recording 
existing connections according to a second preferred embodiment of the 
present invention; 

Figure 6 depicts a layer diagram for the software, including a power 
manager, utilized to implement a second preferred embodiment of the 
present invention; and 

Figure 7 illustrates a high-level logic flowchart depicting a method 
for performing power management for a system according to both a first and 
second preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODXHEBT 

The following description of the preferred embodiments of the 
present invention utilizes the following terms: 

"Input /output (I/O) utilization* can be determined by monitoring a 
pair of queues (or buffers) associated with one or more I/O port (s) - A 
first queue is the receive (input) queue, which temporarily stores data 
awaiting processing. A second queue is the transmit (output) queue, which 
temporarily stores data awaiting transmission to anot her location. I/O 
utilization can also be determined by monitoring transmit control protocol 
(TCP) flow and/or congestion control, which indicates the conditions of 
the network, and/ or system. 
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•Workload- is defined as the amount of (1) I/O utilization, (2) 
processor utilization, or (3) any other performance metric of servers 
employed to process or transmit a data set. 

-Throughput- is the amount of workload performed in a certain amount 
of time. 

• -Processing capacity- is the configuration-dependent maximum level 
of throughput . 

•Reduced power state- is the designated state of a server operating 
at a relatively lower power mode. There may be several different reduced 
power states. A data processing system can be completely powered off and 
require a full reboot of the hardware and operating system. The main 
disadvantage of this state is the latency required to perform a full 
reboot of the system. A higher power state is a -sleep state, - in which 
at least some data processing system components (e.g.. direct access 
storage device (DASD) , memory, and buses) are powered down, but can be 
brought to full power without rebooting. Finally, the data processing 
system may be in a higher power -idle state.- with a frequency throttled 
processor, inactive DASD, but the memory remains active. This state 
allows the most rapid return to a full power state and is therefore 
employed when a server is likely to be idle for a short duration. 

•Reduced power server (s) - is a server or group of servers operating 
in a "reduced power state.- 

•Higher power state- is the designated state of a server operating 
at a relatively higher power than a reduced power state. 



•Higher power server (s) - is a server or group of servers operating 
in a -higher power state.- 

-Frequency throttling- is a technique for changing power consumption 
of a system by reducing or increasing the operational frequency of a 
system. For example, by reducing the operating frequency of the processor 
under light workload requirements, the processor (and system) employs a 
significantly less amount of power for operation, since power consumed is 
related to the power supply voltage and the operating frequency. 

m one embodiment of the present invention, data processing systems 
'.cate by sending and receiving Internet protocol (IP) data requests 
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via a network such as the Internet* IP defines data transmission 
utilizing data packets (or "fragments 0 ), which include an identification 
header and the actual data* At a destination data processing system, the 
fragments are combined to form a single data request. 

With reference now to the figures, and in particular, with reference 
to Figure 1, there is depicted a block diagram of a network 10 in which a 
first preferred embodiment of the present invention may be implemented* 
Network 10 may be a local area network (LAN) or a wide area network (WAN) 
coupling geographically separate devices. Multiple terminals 12a-12n, 
which can be implemented as personal computers, enable multiple users to 
access and process data. Users send data requests to access and/or 
process remotely stored data through network backbone 16 (e.g. / Internet) 
via a client 14. 

Resource manager 18 receives the data requests (in the form of data 
packets) via the Internet and relays the requests to multiple servers 
20a-20n. Utilizing components described below in more detail, resource 
manager 18 distributes the data requests among servers 20a-20n to promote 
(1) efficient utilization of server processing capacity and (2) power 
management by powering down selected servers to a reduced power state when 
the processing capacity of servers 20a-20n exceeds a current workload. 

During operation, the reduced power state selected depends greatly 
cm the environment of the distributed system. For example, in a power 
scarce environment, uneeded servers can be completely powered off. Such 
an implementation may be appropriate for a' power sensitive distributed 
system where response time is not critical. 

Also, if the response time is critical to the operation of the 
distributed system, a full shutdown of unneeded servers and the subsequent 
required reboot time might be undesirable. In this case, the selected 
reduced power state might only be the frequency throttling of the selected 
unneeded server or even the "idle state." In both cases, the reduced 
power servers may be quickly powered up to meet the processing demands of 
the data requests distributed by resource manager 18. 

Referring to Figure 2, there is illustrated a detailed block diagram 
of resource manag er 18 according to a first preferred embodiment of the 
present invention. Resource manager 18 may comprise a dispatcher 
component 22 for receiving and sending data requests to and from servers 
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20a-20a to prevent any single higher power server's workload from 
exceeding the server's processing capacity. 

Preferably, a workload management (WLM) component 24 determines a 
server's processing capacity utilizing more than one performance metric 
such as l/o utilization and processor utilization, before distributing . 
data packets over servers 20a-20n. In certain transmission-heavy 
processes, five percent of the processor may be utilized, but over ninety 
percent of the I/O may be occupied. If WLM 24 utilized processor 
utilization as its sole measure of processing capacity, the 
transmission-heavy server may be wrongfully powered down to a reduced 
power state when powering up a reduced power server to rebalance the 
transmission load might be more- appropriate. Therefore, WLM 24 or any 
other load balancing technology used, to implement an embodiment of the 
present invention preferably monitors at least (1) processor utilization,' 
12) I/O utilization, and (3) any other performance metric (also called a 
•custom metric"), which may be specified by a user. 

After determining the processing capacity of servers 20a-20n, WLM 24 
selects a server best suited for receiving a data packet. Dispatcher 22 
distributes the incoming data packets to the selected server by (1) 
examining identification field of each data packet, (2) replacing the 
address in destination address field with an address unique to the 
selected server, and (3) relaying the data packet to the selected server. 

Power regulator 24 operates in concert with WLM 24 by monitoring 
incoming and outgoing data to and- from servers 20a-20n. if a higher power 
server remains idle (e.g., does not receive or send a data request for a 
predetermined interval) or available processing capacity exceeds a 
workload, determined by a combination of I/O utilization, processor 
utilization, and any other custom metric. WLM 24 selects at least one 
higher power server to power down to a reduced power state. Iff the 
selected reduced power state is a full power down or sleep modes, 
dispatcher 22 redistributes the tasks (e.g., functions to be performed by 
the- selected higher power server) on the higher power servers selected for 
Powering down among the remaining higher power servers and sends- a signal 
that indicates to power regulator 26 that dispatcher 22 has completed the 
task redistribution. Then, power regulator 26 powers down a higher power 
server to a reduced power state. 

If the selected reduced power state is an idle or frequency 
throttled state, dispatcher 22 redistributes a majority of the tasks on 
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the higher power severs selected for powering down among the higher power 
servers. However , the frequency throttled server may still process tasks, 
but at a reduced capacity. Therefore, some tasks r emain on the freq uen cy 
throttled server despite its reduced power state* 

If the tasks on the higher power servers exceeds the processing 
capacity, power regulator 26 powers up a reduced power server, if 
available, to a higher power state to increase the processing capacity of 
servers 20a-20n. Dispatcher 22 redistributes the tasks across the new set 
of higher power servers to take advantage of the increase processing 
capacity. 

An advantage to this first preferred embodiment of the present 
invention is the more efficient power consumption of the distributed 
server. If the processing capacity of the system exceeds the current 
workload, at least one higher power server may be powered down to a 
reduced power state, thus decreasing the overall power consumption of the 
system. 

One drawback to this first preferred embodiment of the present 
invention is the installation of resource manager 18 as a bidirectional 
pass through device between the network and servers 20a-20n, which may 
result in a significant bottleneck in networking throughput from the 
servers to the network. The user of a single resource manager 18 also 
creates a single point of failure between the server group and the client. 

With reference to Figure 3, there is depicted a block diagram of a 
network 30 in which a second preferred embodiment of the present invention 
may be implemented. Network 30 may also be a local area network (LAN) or 
a wide area network (WAN) coupling geographically separate devices. 
Multiple te rminal s 12a- 12n, which can be implemented as pers ona] 
computers, enable multiple users to access and process data. Users se nd 
data requests for remotely stored data through a client 14 and a network 
backbone 16, which may include the Internet. Resource manager 28 receives 
the data requests via the Internet and relays the data request to a 
dispatcher (32 of Figure 4) , which assigns each data request to a specific 
server. Unlike the first preferred embodiment of the present invention, 
servers 20a-20n sends outgoing data packets directly to client 14 via 
network backbone 16, instead of sending the data packet back through 
dispatcher 32. 
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Referring to Figure 4, there is illustrated a block diagram of 
resource manager 28 according to a second preferred embodiment of the 
present invention. Dispatcher 32, coupled to a switching logic 34, 
distributes tasks received from network backbone 16 to servers 20a-20n. 
Dispatcher 32 examines each data request identifier in each data packet 
identification header and compares the identifier to other identifiers 
listed la an identification field 152 in a connection table (as depicted 
in Figure S) stored in memory 36. Referring to Figure 5, connection table 
150 includes two fields: identification field 152 and a corresponding 
assigned server field 154. Identification field 152 lists existing 
connections (e.g., pending data requests) and assigned server field 154 
indicates the server assigned to the existing connection. If the data 
request identifier from a received data packet matches another identifier 
listed on connection table ISO, the received data packet represents an 
existing connection, and dispatcher 32 automatically forwards to the 
appropriate server the received data packet utilizing the server address 
in an assigned server field 154. However, if the data request identifier 
does not match another identifier listed on connection table 150, the data 
packet represents a new connection. Dispatcher 32 records the request 
identifier from the data packet into identification field 152, selects an 
appropriate server to receive the new connection (to be explained below in 
more detail), and records the address of the appropriate server in 
assigned server field 154. 

With reference to Figure 6, there is illustrated a diagram ou tlining 
an exemplary software configuration stored in servers 20 a- 2 On according to 
a second preferred embodiment of the present invention. As well-known in 
the art, a data processing system (e.g., servers 20a-20n) requires an 
operating system, to function properly. Basic functions (e.g. , saving 
data to a memory device or controlling the input and output of data by the 
user) are handled by operating system 50, which may be at least par tially 
stored in memory and/or direct access storage device (DASD) of the data 
processing system. A set of application programs 60 for user functions 
(e.g., an e-mail program, word processors, internet browsers) runs on top 
of operating system 50. As shown, interactive session support (188) 54, 
and power manager 56 access the functionality of operating system 50 via 
an application program interface (API) 52. 

ISS (Interactive Session Support) 54, a domain name system (DNS) 
based component installed on each of servers 20a-20n, implements I/O 
utilization, processor utilisation, or any other performance metric (also 
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called a "custom metric-) to monitor the distribution of the tasks over 
servers 20a-20n. Functioning as an ■observer" interface that enables 
other applications to monitor the load distribution, iss 54 enables 
program manager 56 to power up or power down servers 20a-20n as workload 
and processing capacities fluctuate. Dispatcher 32 also utilizes 
performance metric data from ISS 54 to perform load balancing functions 
for the system. In response to receiving a data packet representing a new 
connection, dispatcher 32 selects an appropriate server to assign a new 
connection utilizing task distribution data from ISS 54. 

Power manager 56 operates In concert with dispatcher (32 of Figure 
4) via ISS 54 by monitoring incoming and outgoing data to and from servers 
20a-20a. If a higher power server remains idle (e.g., does not receive or 
send a data request for a predetermined time) or available processing 
capacity exceeds a predetermined workload, as determined by ISS 54, 
dispatcher 32 selects a higher power server to be powered down to a 
reduced power state, redistributes the tasks of among the remaining higher 
power servers and sends a signal to power manager 56 indicating the 
completion of task redistribution. Power manager 56 powers down the 
selected higher power server to a reduced power state, in response from 
receiving the signal from dispatcher 32. Also, if the workload on the 
higher, power servers exceeds the processing capacity, power manag er 56 
powers up a reduced power server, if available, to a higher power state to 
increase the processing capacity of servers 20a-20n. Dispatcher 32 t hen 
redistributes the tasks among the new set of higher power servers to take 
advantage of the increased processing capacity. 



Referring now to Figure 7, there is depicted a high-level logic 
flowchart depicting a method of power management. A first preferred 
embodiment of the present invention can implement the method utilizing 
resource manager 18, which includes power regulator 26, for controlling 
power usage in servers 20 a- 2 On, workload manager (WLM) 24, and dispatcher 
22 for dynamically distributing the tasks over servers 20a- 2 On. A second 
preferred embodiment of the present invention utilizes a resource manager 
35 that includes dispatcher 32, ISS 54, and power manager 56 to manag e power 

usage in servers 20a-20n. These components can be implemented in 
hardware, software and/or firmware as will be appreciated by those skilled 
In the art. 



In the following method, all rebalancing functions are performed by 
WW 24 and dispatcher 22 in the first preferred embodiment (Figure 2) and 
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dispatcher 32 la the second preferred embodiment {Figure 4) . All 
determinations, selection, and powering functions employ power regulator 
26 in the first preferred embodiment and power manager 56 and ISS 54 in 
the second preferred embodiment. 

As illustrated in Figure 7, the process begins at block 200, and 
enters a workload analysis loop, including blocks 204, 206, 208, and 210. 
At block 204, a determination is made of whether or not the aggregate 
processing capacity of servers 20a-20n exceeds a current workload. The 
current workload is determined utilizing server performance metrics (e.g., 
processor utilization and I/O utilization) and compared to the current 
processing capacity of servers 20a-20n. 

If the processing capacity of servers 20a-20o exceeds the current 
workload, the process continues to block 206, which depicts the selection 
of at least a server to be powered down to a reduced power state. The 
total tasks on servers 20a-20n are rebalanced across the re maining 
servers, as depicted at block 208. As illustrated in block 210, the 
selected server (s) is powered down to a reduced power state. Finally, the 
process returns from block 210 to block 204. 

As depicted at block 212, a determination is made of whether or. not 
the workload exceeds the processing capacity of servers 20a-20n. if the 
workload exceeds the processing capacity of servers 20a -20a, at least a 
server is selected to be powered up to a higher power state, as 
illustrated in block 214. At least the selected server (s) is powered up, 
as depicted in block 216, and the tasks is rebalanced over servers 
20a-20a. The process returns from block 218 to block 204, as illustrated. 

The preferred embodiments of the present invention implement a 
resource manager coupled to a group of servers. The resource manager 
analyzes the balance of tasks of the group of servers utilizing a set of 
performance metrics. If the processing capacity of the group of higher 
power servers exceeds current workload, at least a server in the group is 
selected to be powered down to a reduced pqwer state. The tasks on the 
selected server are rebalanced over the remaining higher power servers. 
However, if the power manager determines that the workload exceeds the 
processing capacity of the group of servers, at least a server is powered 
up to a higher power state, and the tasks are rebalanced over the group of 
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1. A method for power management in a distributed system comprising a 
plurality of servers, said method comprising: 

determining whether or not processing capacity of said system 
exceeds a current workload associated with a plurality of tasks; 

in response to determining said processing capacity of said system 
exceeds said workload, selecting at least one of said plurality of servers 
to be powered down to a reduced power state; 

rebalancing said tasks across said plurality of servers; and 

. powering down said at least one selected server to a reduced power 
state. 

2. The method according to claim 1, further including: 

determining whether or not said workload exceeds said processing 
capacity of said system; and 

in response to determining said workload exceeds said processing 
capacity of said system, powering up at least one of said plurality of 
servers to a higher power state. 

3. The method according to claim 2, further comprising: 
redistributing said tasks across said plurality of servers. 

4. A resource manager for performing power management in a distributed 
system, the distributed system comprising a plurality of servers, the 
resource manager comprising; 

a means for receiving a plurality of tasks and relaying said tasks 
to said distributed system; 

a means for balancing said tasks on said distributed system; 

a means for determining whether or not processing capacity of said 
distributed system exceeds a current workload; and 



WO 03/025745 



13 



PCT/GB02/03690 



means responsive to determining said processing capacity of said 
distributed system exceeds said current workload, for selecting and 
powering down at least one of said plurality of servers to a reduced 
power state. 

5. A resource manager of claim 4, further comprising: 

means for determining whether or not said current workload exceeds 
said processing capacity of said distributed system; and 

means,- responsive to determining said current workload exceeds said 
processing capacity of said system, for powering up at least one of said 
plurality of servers to a higher power state. 



6- A resource manager of claim 5 further 



comprising: 



means for redistributing said plurality of tasks across said 
plurality of servers. 

7. A distributed data processing system, comprising: 

a resource manager in accordance with any one of claims 4 to 6; and 

a plurality of servers for processing tasks relayed from said 
resource manager. 

8. A computer program product comprising instructions, which, when 
executed in a data processing system, cause said system to carry out a 
method according to any one of claims 1 to 3. 
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